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Description

The present invention relates to an arrange-
ment for determining the roll attitude of a rotating
projectile, grenade, missile or the like with the aid
of polarised electromagnetic radiation.

The invention is applicable to all types of pro-
jectiles, missiles or the like which are shot out of a
firing tube or launching tube and which rotate in
their track. In particular, the invention can be used
with so-called end-phase-controlled ammunition,
that is to say projectiles which are fired in the
conventional manner in a ballistic track to the im-
mediate vicinity of the target where they receive a
command for required correction. Due to the fact
that the projectile is rofating in its track, its roll
attitude must be determined when the command is
executed. In the absence of roll attitude determin-
ing elements, an error is otherwise produced when
the course correction is carried out.

It is already known from Swedish Patent
8801831-2 to determine the roll angle attitude with
the aid of polarised electromagnetic radiation com-
prising a transmitter arranged to emit a polarised
radiation in the direction of the projectile and a
polarisation-sensitive receiver arranged in the pro-
jectile. By allowing the emitted polarised radiation
to comprise at least two mutually phase-locked
radiation components with wavelength relations of
2:1 and/or multiples thereof and which are superim-
posed and form an asymmetric curve shape, the
roll attitude of the projectile can be unambiguously
determined.

The abovementioned arrangement presup-
poses that a fransmitter is placed in connection
with the launching place of the projectile and that
the projectile is provided with a receiver antenna
directed towards the back for receiving the emitted
radiation.

The arrangement furthermore presupposes that
two mutually phase-locked radiation components
with different frequencies are sent out. This entails
that both transmitter and receiver become relatively
complicated in their construction.

It is also known from EP O 341 772 to deter-
mine the roll angle attitude by providing the single
carrier wave with a sinusoidal amplitude modulation
for continuously transmitting information about the
phase angle. The description shows that such a
system has advantages through a simpler con-
struction of the receiver section in the projeciile.
But it is also disclosed that it requires two antennas
in the receiver with known mutual orientation.

From Swedish Patent Application 9001370-7, it
is also already known to determine the roll angle
attitude with the aid of partly a polarised sinusoidal
radiation within the longwave band and partly a
microwave radiation in the form of a pulse train
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where the pulses indicate that the long wave com-
ponent is located at a certain phase angle, for
example the sinusoidal signal zero ftransition with
positive derivative. The two radiation components
are then detected in the grenade and supplied to a
microprocessor system for evaluation.

The advantage of transferring the message
about the phase angle only at certain times is that
such a system becomes more interference-proof.
The risk of detection becomes less, it is more
difficult to calculate the frequency utilised for trans-
mission from the short pulses and in this way to
interfere with the transmission.

In the said system, one therefore depends on
two radiation components, both a longwave compo-
nent and a microwave component. A synchronisa-
tion between transmitter and receiver is also neces-
sary.

It is the aim of this invention, as defined in the
appended claims, to produce an alternative to the
arrangements described above for roll angle deter-
mination, where instead a polarised carrier wave is
phase-modulated with a significantly lower frequen-
cy which forms a submultiple of the carrier wave
frequency. In the receiver, the phase of the re-
ceived radiation is decoded and compared with the
carrier wave reference for calculating the current
roll angle attitude.

The advantage of utilising a phase-modulated
carrier wave according fo the invention is that the
receiver section in the projectile/grenade can be
made to be completely autonomous, without re-
quirement for synchronisation with the transmitter.
The transmitter is preferably operating within the
longwave band (30-300 kHz), the carrier wave fre-
quency must exceed 100 Hz, for example it can be
300 kHz and the modulation frequency can be 3
kHz.

An embodiment of the invention is shown dia-
grammatically in the attached drawings, in which
Figure 1 is a view of the projectile and a ground-
based transmitter, Figure 2 shows the curve shape
of the radiation transmitted, Figure 3 shows a block
diagram of the fransmitter, Figure 4 shows the
envelope shaper and phase shifter used in the
transmitter, Figure 5 shows a block diagram of the
receiver and Figure 6 shows the behaviour of the
signal on demodulation in the receiver.

Figure 1 shows a projectile, grenade, missile or
the like 1 which is rotating in its frack on the way
towards a target. For different reasons it is required
to determine the roll attitude angle of the projectile.
On the launching arrangement, for example a can-
on, or in its immediate vicinity, a transmitter 2 is
placed, for example a longwave fransmitter which
sends out a polarised space wave 4 via an antenna
3 towards the projectile 1. The projectile is pro-
vided with a receiver 5 with an antenna 6 and
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evaluating element (electronics) for determining the
roll angle attitude.

In the transmitter, a carrier wave reference irgr
with a frequency fy is generated, see Figure 2a. A
modulation signal, imop, Figure 2b, the frequency of
which if , < fi and where f, is a multiple or
submultiple of the carrier wave frequency fi, is
supplied through a phase modulator 7. For exam-
ple, the carrier wave frequency fi can go up to 300
kHz and the modulation frequency to 3 kHz. Figure
2c shows the phase-modulated space wave 4.

The transmitter comprises an HF oscillator of
the stable type 8 for generating the nominal carrier
wave frequency, an envelope shaper 9 and a phase
shifter 10, see Figure 3. The output of the phase
shifter is connected to the transmitter antenna 3 via
an amplifier 11.

The envelope shaper is made up of an address
register 12, a programmable memory (PROM) 13
and a digital/analog converter 14 and the phase
shifter 10 can be an active phase shift filter of a
type known per se, see Figure 4b, with two inputs,
on the one hand for the carrier wave reference and
on the other hand for the control signal from the
envelope shaper 9.

The receiver comprises an amplifier 15, a
phase detector 16 with a so-called VCO circuit 17
(voltage control oscillator) for detecting the phase
shift. The phase detector output is connected o a
comparator 18 and the comparator output signal is
used for clocking a memory circuit (D-type flip flop)
19, the oufput of which stores a status level from
the phase angle of the VCO circuit (UP/DOWN
information).

The arrangement operates in the following
manner. The nominal carrier wave frequency is
generated in the transmitter by the HF oscillator 8,
for example an oscillator with crystal element. A
carrier wave reference of digital appearance is sup-
plied to the envelope shaper 9 in which an address
register 12 is clocked with the carrier wave refer-
ence. The address register fetches weighted digital
values for a sinusoidal envelope from the program-
mable memory (PROM) 13. The digital/analog con-
verter 14 converts the digital values to an analog
signal. The analog signal is supplied to the output
as control signal which is used for phase-shifting
the original carrier wave in the phase shifter 10
which is constructed of an active phase-shift filter,
see Figure 4b, with two inputs. After that, the
modulated signal is amplified before it is supplied
o the antenna 3.

The space wave thus phase-modulated is re-
ceived by the antenna 6 in the projectile. The
antenna signal is supplied after amplification to a
so-called phase-locked loop in the phase detector
16 in the receiver. The phase-locked loop detects
the phase shift of the received signal with the aid
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of a frequency which is generated by the VCO
circuit 17. If the phase difference deviates from
90°, the phase detector generates a signal which
deviates from zero. This error signal is used as
control signal for the VCO circuit for regulating the
frequency of the latter. The oscillator will follow the
phase of the incoming signal and the control volt-
age from the phase detector is an image of the
phase modulation signal. The reference signal thus
detected is supplied to the comparator 18 which
has a threshold level which corresponds to the zero
fransition of the modulator signal at the transmitter
end. The comparator output signal is used for
clocking the memory circuit in the form of a D-type
flip flop 19, the output of which stores a status level
from the phase angle of the VCO circuit
(UP/DOWN information).

The signal behaviour on demodulation in the
receiver can be seen in Figure 6. The appearance
of the antenna signal with the antenna pointing
upward or downward is shown in Figure 6a. The
VCO signals for the antenna pointing upward or the
antenna pointing downward, respectively, are seen
in Figure 6b. It also shows that the control voltage
from the phase detector, see Figure 6c, is an
image of the phase modulation signal, see Figure
2b. The comparator output signal or the memory
circuit output signal (status level) with the antenna
pointing upward or the antenna pointing downward,
respectively, is shown in Figure 6d. Using this
up/down information, the current roll angle attitude
can then be calculated in a conventional manner.

Claims

1. Arrangement for determining the roll angle at-
titude of a rotating projectile, grenade, missile
or the like with the aid of polarised electromag-
netic radiation comprising a transmitter ar-
ranged to emit a position-determining polarised
radiation in the direction of the projectile and a
receiver arranged in the projectile for receiving
the emitted radiation, characterised in that the
radiation (4) emitted is made up of a carrier
wave reference with frequency fi which is
phase-modulated with a modulation frequency
f2, where f; is < f1 and form a submultiple of
the carrier wave frequency fi.

2. Arrangement according to Claim 1, charac-
terised in that the transmitter (2) operates with-
in the longwave band.

3. Arrangement according to Claim 1 characteris-
ed in that the fransmitter comprises an HF
oscillator (8) for generating the nominal carrier
wave reference, an envelope shaper (9), the
output of which is connected to a phase shifter
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(10), the output of which, in turn, is connected
to the transmitter antenna (3).

Arrangement according to Claim 3, charac-
terised in that the envelope shaper (9) com-
prises an address register (12), a program-
mable memory (PROM) (13) and a digi-
tal/analog converter (14).

Arrangement according to Claim 1, charac-
terised in that the receiver (5) comprises a
phase detector (16) for detecting the phase
shift of the received signal.

Arrangement according to Claim 5, charac-
terised in that the phase detector (16) output is
connected to a comparator (18), the compara-
tor output signal being used for clocking a
memory circuit (D-type flip flop) (19), the out-
put of which stres a status level relating to the
phase angle (UP/DOWN information).

Patentanspriiche

1.

Anordnung zum Bestimmen der Rollwinkellage
eine rotierenden Projektils, Granate, Flugkdr-
pers od. dgl. mit Hilfe polarisierter elektroma-
gnetischer Strahlung, mit einem Transmitter
zum Aussenden einer positionsbestimmenden
polarisierten Strahlung in Richtung des Projek-
tils und einen im Projektil angeordneten Emp-
fdnger zum Empfangen der emittierten Strah-
lung,

dadurch gekennzeichnet, daB die emittierte
Strahlung (4) besteht aus einer Bezugstrdger-
quelle mit einer Frequenz fy, die phasenmodu-
liert ist mit einer Modulationsfrequenz f,, wobei
f2 <« f1 ist und in einem ganzzahligen Teiler-
verhdltnis zur Trdgerwellenfrequenz f; steht.

Anordnung nach Anspruch 1,
dadurch gekennzeichnet, da3 der Sender (2)
im Langwellenband arbeitet.

Anordnung nach Anspruch 1,

dadurch gekennzeichnet, da3 der Sender ei-
nen HF-Oszillator (8) zum Erzeugen der Tri-
gerwellenbezugsfrequenz, einen Umhillungs-
former (9) aufweist, dessen Ausgang mit einem
Phasenschieber (10) verbunden ist, dessen
Ausgang seinerseits mit der Senderantenne (3)
verbunden ist.

Anordnung nach Anspruch 3,

dadurch gekennzeichnet, daB der Umbhiil-
lungsformer (9) ein Adressenregister (12), ei-
nen programmierbaren Speicher (PROM) (13)
und einen Digital-/Analogwandler (14) aufweist.
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Anordnung nach Anspruch 1,

dadurch gekennzeichnet, dal der Empfinger
(5) einen Phasendetektor (16) zum Detektieren
der Phasenverschiebung des empfangenen Si-
gnals aufweist.

Anordnung nach Anspruch 5,

dadurch gekennzeichnet, daB der Ausgang
des Phasendetektors (16) mit einem Kompara-
tor (18) verbunden ist, wobei das Ausgangssi-
gnal des Komparators zum Takten einer Spei-
cherschaltung (D-Typ Flip-Flop) (19) dient, de-
ren Ausgang einen vom Phasenwinkel abh3n-
genden Pegelzustand (UP/DOWN Information)
speichert.

Revendications

Ensemble destiné & déterminer I'attitude cor-
respondant 2 l'angle de roulis d'un projectile,
d'une grenade, d'un engin ou analogue qui
présente une rotation, & I'aide du rayonnement
électromagnétique polarisé, comprenant un
émetteur destiné a4 émetire un rayonnement
polarisé déterminant la position dans la direc-
tion du projectile, et un récepteur placé dans le
projectile et destiné a recevoir le rayonnement
émis, caractérisé en ce que le rayonnement
(4) émis est constitué d'une référence d'onde
porteuse de fréquence fi qui est modulée en
phase par une fréquence de modulation f; telle
que fo<<fy et qui forme un sous-multiple de la
fréquence de I'onde porteuse f;.

Ensemble selon la revendication 1, caractérisé
en ce que I'émetteur (2) travaille dans la bande
des grandes ondes.

Ensemble selon la revendication 1, caractérisé
en ce que I'émetieur comporte un oscillateur a
hautes fréquences (8) destiné & créer la réfé-
rence nominale d'onde porteuse, un organe
conformateur d'enveloppe (9) dont le signal de
sortie est connecté & un circuit déphaseur
(10) dont le signal de sortie est lui-méme
connecté A I'antenne (3) de I'émetteur.

Ensemble selon la revendication 3, caractérisé
en ce que l'organe conformateur (9) d'envelop-
pe comporte un registre (12) d'adresse, une
mémoire programmable (PROM) (13) et un
convertisseur numérique-analogique (14).

Ensemble selon la revendication 1, caractérisé
en ce que le récepteur (5) comporie un détec-
teur de déphasage (16) destiné & détecter le
déphasage du signal regu.
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Ensemble selon la revendication 5, caractérisé
en ce que le signal de sortie du détecteur de
déphasage (16) est connecté & un compara-
teur (18), le signal de sortie du comparateur
étant utilisé pour la commande d'horloge d'un 5
circuit de mémoire (bascule D) (19) dont le
signal de sortie garde un niveau d'état relatif 2
'angle de phase (information de comptage-
décomptage).
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